Recent astronomical observations indicate that our Universe is undergoing a period of an accelerated expansion. While there are many cosmological models, which explain this phenomenon, the main question remains which is the best one in the light of available data. We consider ten cosmological models of accelerating Universe and select the best one using the Bayesian model comparison method. We demonstrate that the ΛCDM model is most favored by the Bayesian statistical analysis of the SNIa, CMB, BAO and H(z) data. The posterior probability of the ΛCDM model is 96%.
Introduction
Recent observations of type 1 a supernovae (SNIa) provide the main evidence that the current Universe is in accelerating phase of expansion (Riess et al. 1998; Perlmutter et al. 1999) . There are many different cosmological models used in explanation of an accelerating phase of evolution of the current Universe. They can be divided into two groups of models according to 'philosophical' assumptions on a cause of accelerated expansion. In the first type of explanation the conception of mysterious dark energy of an unknown form is used, while in the second one it is postulated some modification of the Friedmann equation. Here we choose five models belong to the first group as well as five belong to the another one and describe them below. All the chosen models are assumed to be flat because cosmic microwave background (CMB) data indicate that present universe has negligible space curvature (Spergel et al. 2003 ).
If we assume the Friedmann-Robertson-Walker (FRW) model in which effects of non-homogeneities are neglected, than acceleration can be driven by a dark energy component X (matter fluid violating the strong energy condition). This kind of energy represents roughly 70% of the matter content of the present Universe. The model with the cosmological constant (the ΛCDM model) has the equation of state for dark energy as follows: p X = −ρ X (Weinberg 1989) . The model with phantom dark energy has p X = w X ρ X , where w X (< −1) is a negative constant (Caldwell 2002; Dabrowski et al. 2003) . The next one is the model with a dynamical coefficient of the equation of state, parameterized by the scale factor a: w(a) = w 0 + w 1 (1 − a) (Chevallier & Polarski 2001; Linder 2003) . The other simple approach is to represent dark energy in the form of a minimally coupled scalar field φ with the potential V (φ). In cosmology the quintessence idea is important in understanding a role of scalar field on the current Universe. We consider a power-law parameterized quintessence model . In this case density of dark energy changes with the scale factor as ρ X = ρ X0 a −3(1+w X (a)) , wherew X (a) is the mean of a coefficient of the equation of state in the logarithmic scale factorw
and has the following formw X = w 0 a α (Rahvar & Movahed 2007) . The first group is completed with the model with the generalized Chaplygin gas, where p X = − A ρ α X (here A > 0 and α = const). We gathered above models together with their Hubble functions (with the assumption that Universe is spatially flat) in Table 1 .
As we have written before we also consider five models offering the explanation of current acceleration of the Universe in an alternative way to dark energy. The brane models has postulated that the observer is embedded on the brane in a larger space in which gravity can propagate: the Dvali-Gabadadze-Porrati model (DGP) (Dvali et al. 2000) , Sahni-Shtanov brane 1 model (Shtanov 2000) . The Cardassian model, in which the Universe is flat, is matter dominated and accelerating as a consequence of the modification of the Friedmann first integral as follows 3H 2 = ρ + Bρ n , where B is a constant and the energy density contains only dust matter and radiation (Freese & Lewis 2002) . We also include in the analysis the bouncing model arising in the context of loop quantum gravity (the BΛCDM model) (Singh & Vandersloot 2005; ) and the model with energy transfer between the dark matter and dark energy sectors (the Λ decaying vacuum model) ). We gathered above models together with their Hubble functions (with the assumption that the Universe is spatially flat) in Table 2 . 
The main goal of this paper is to compare all these models in the light of SNIa, CMB, BAO and H(z) data. We used the Bayesian model comparison method, which we describe in the next section. This method is commonly used in the context of cosmological models selection (see e.g. (Liddle 2004; John & Narlikar 2002; Saini et al. 2004; Mukherjee et al. 2005; Beltran et al. 2005; Mukherjee et al. 2005a; Szydlowski & Godlowski 2006; God lowski & Szyd lowski 2005; Szyd lowski et al. 2006a; Liddle et al. 2006; Liddle 2007; Sahlen et al. 2007; Serra et al. 2007) ). Recently the Bayesian information criteria were applied in the context of choosing an adequate model of acceleration of the Universe (Davis et al. 2007 ). The authors show preference for models beyond the standard FRW cosmology (so-called exotic cosmological models) whose best fit parameters reduce them to the cosmological constant model.
Model comparison in Bayes theory
Let us consider the set of K models: {M 1 , · · · , M K }. In the Bayes theory the best model from the set under consideration is this one which has the largest value of the probability in the light of the data (D), so called posterior probability
(1) P (M i ) is the prior probability for the model indexed by i, which value depends on our previous knowledge about model under consideration, that is to say without information coming from data D. If we have no foundation to favor one model over another one from the set we usually assume the same values of this quantity for all of them, i.e. P (M i ) = 1 K , i = 1, · · · , K. P (D) is the normalization constant, which form we can obtain after the requirement that a sum of the posterior probabilities for all models from the set is equal one
Therefore conclusions based on the values of posterior probabilities strongly depend on the set of models and can change when the set of models is different. P (D|M i ) is the marginal likelihood (also called the evidence) and has the following form
where L(θ i |D, M i ) is the likelihood of the model under consideration,θ i is the vector of the model parameters and P (θ i |M i ) is the prior probability for the model parameters.
In the case under consideration we cannot obtain the value of evidence by analytical computation. We need a numerical method or an approximation to this quantity.
Schwarz (Schwarz 1978) showed that for iid observations (D = {x i }, i = 1, · · · , N ) coming from a linear exponential family distribution, defined as
where w 1 , . . . , w S , b are functions of onlyθ ∈ R d , t 1 , . . . , t S are function of only x i , the asymptotic approximation (N → ∞) to the logarithm of the evidence is given by
where L is the maximum likelihood. In this case the likelihood function has the following form (2) can be writing as
where
. This integral has the form of the so called Laplace integral. Assume that g(θ) has maximum inθ 0 and P (θ 0 |M ) = 0. When N → ∞ exp[N g(θ)] will be a sharp function picked atθ 0 . Then the main contribution to integral (4) comes from the small neighborhood ofθ 0 . In this region P (θ|M ) ≈ P (θ 0 |M ), we can also replace g(θ) function its Taylor expansion aroundθ 0 :
and extend the integration region to whole R d . One can gets the asymptotic of the integral (4)
where R is the term which not depend on N. One can see that N g(θ 0 ) = ln L(θ 0 |D, M ), whereθ 0 is the point which maximize g(θ) = 1 N ln L(θ|D, M ), so is equivalent toθ M LE (the maximum likelihood estimator ofθ). Finally one can obtain result (3).
According to this result Schwarz introduced a criterion for the model selection: the best model is that which minimizes the BIC quantity, defined as
This criterion can be derived in such a way that it is not required to assume any specific form for the likelihood function but it is only necessary that the likelihood function satisfies some non-restrictive regularity conditions. Moreover the data do not need to be independent and identically distributed. This derivation required to assume that prior for model parameters is not equal to zero in the neighborhood of the point where the likelihood function under a given model reaches a maximum and that it is bound in the whole parameter space under consideration (Cavanaugh & Neath 1999) . It should be pointed out that an asymptotic assumption is satisfied when a sample size used in analysis is large with respect to the number of unknown model parameters.
It is useful to choose one model from our models set (here indexed by s) and compare the rest models with this one. We can define ∆BIC is quantity, which is the difference of the BIC quantity for the models indexed by i and s: ∆BIC is = BIC i − BIC s and present the posterior probability in the following form
Let us assume that we have computed the probabilities in the light of data D for models from the set under consideration. Then we gathered new data D 1 and want to update the probabilities which we already have. We can compute probabilities in the light of new data using information coming from previous analysis, which allow us to favor one model over another: we can use posterior probabilities for models obtained in earlier computations as a prior probabilities for models in next analysis.
We apply this method in evaluation the posterior probabilities for models described in the previous section using the information coming from SNIa, CMB, BAO and H(z) data.
Application to cosmological models comparison
We started with the N = 192 SNIa data (Riess et al. 2007; Wood-Vasey et al. 2007; Davis et al. 2007) . In this case the likelihood function has the following form
where d Li is the luminosity distance, which with assumption that k = 0 is given by
.
In this case we used the BIC quantity as an approximation to the minus twice logarithm of evidence and assumed that all models have equal values of prior probabilities. Here were used following assumptions for models parameters values: H 0 ∈ 60, 80 for all models and additional:
• model 2: A S ∈ 0, 1 , α ∈ 0, 1
• model 7: Ω n,0 ∈ 0, 1 , n ∈ 3, 10
• model 8: Ω int,0 ∈ −1, 1 , n ∈ −10, 10
• model 9: n ∈ −10, 10
• model 10: Ω l,0 ∈ 0, 4 , Ω Λb,0 ∈ −1, 4
We separately consider cases with Ω m,0 ∈ 0, 1 and Ω m,0 ∈ 0.25, 0.31 . Posterior probabilities are obtained using equation 6. We analyse three sets of models: 1. set of models with dark energy (Table 1) , 2. set of models with modified theory of gravity (Table 2) , 3. set of all models (Table 1 and Table 2 together).
Results for the case with Ω m,0 ∈ 0, 1 are presented in Table 3 , Table 4 and Table 5 for set 1, set 2 and set 3 respectively and in Fig. 1A, Fig. 2A and Fig. 3A (black lines correspond to values of prior probabilities while red lines to values of posterior probabilities in the light of SNIa data). One can conclude that in the light of SNIa data the ΛCDM is the best model from the set of models with dark energy as well as the best one from the all models under consideration, the DGP model is the best one from the group of models with modified gravity.
Results for case with Ω m,0 ∈ 0.25, 0.31 are gathered in Table 6, Table 7 , Table 8 and in Fig.  1B, Fig. 2B, Fig. 3B for set 1, set 2 and set 3 respectively. The conclusion changed for the set of models with modified gravity: here the best one is the Cardassian model.
In the next step we included information coming from CMB data. Here the likelihood function has the following form
where R is so called shift parameter, R theor = Ω m,0 z dec 0 H 0 H(z) dz, and R obs = 1.70 ± 0.03 for z dec = 1089 (Spergel et al. 2006; . It should be pointed out that the parameter R is independent of H 0 .
The values of the evidence were obtained by numerical integration. We assumed flat prior for all model parameters. It is known that evidence strongly depends on the prior probabilities for model parameters. Assumptions for the model parameters intervals, which we made in previous analysis could be not appropriate here. Due to this we made a stricter analysis for models with parameters which interval width exceeds one. We computed the evidence for different parameter intervals, which do not exceed the range assumed before and with a minimal width equal to one. There are of course extremely many possibilities. We limited our analysis to intervals a, b , where a and b are integer. Finally we chose the case with the greatest evidence.
We consider the situation with Ω m,0 ∈ 0, 1 and Ω m,0 ∈ 0.25, 0.31 . The range for parameters which change after stricter analysis in the first case:
• model 7: Ω n,0 ∈ 0, 1 , n ∈ 3, 4
• model 8: Ω int,0 ∈ −1, 0 , n ∈ −10, −9
• model 9: n ∈ 0, 1 • model 10: Ω l,0 ∈ 0, 1 , Ω Λb,0 ∈ 0, 1 and in the second case:
• model 8: Ω int,0 ∈ −1, 0 , n ∈ −2, −1 • model 9: n ∈ 0, 1 • model 10: Ω l,0 ∈ 0, 1 , Ω Λb,0 ∈ 3, 4
Posterior probabilities were obtained using equation 1. Here we treated posterior probabilities evaluated in analysis with SNIa data as a prior probabilities. Results are gathered in tables and figures (blue lines correspond to obtained values of posterior probabilities) like in previous analysis. As we can see the ΛCDM model is still the best one from the models with dark energy (for both ranges of Ω m,0 ). The conclusion is the same for the set of models with modified gravity: the DGP model is the best one in the first case and the Cardassian model in the second. When we assume that Ω m,0 ∈ 0, 1 there is no evidence to favor the ΛCDM model over the DGP model (they have the same values of the posterior probabilities) while when we restrict Ω m,0 range to 0.25, 0.31 the ΛCDM model still stay as the best one, with even greater probability.
As the third observational data we used the measurement of the baryon acoustic oscillations (BAO) from the SDSS luminous red galaxies (Eisenstein et al. 2005) . In this case the likelihood function has the following form
3 and A obs = 0.469 ± 0.017 for z A = 0.35.
Here values of the evidence are obtained by numerical integration. We made analogous analysis with the parameters intervals as above with additionally requirement: obtained intervals must at least cover the intervals obtained in previous analysis. For most of models the conclusions are the same as in previous analysis. Below we wrote the cases where the intervals have changed for the case with Ω m,0 ∈ 0, 1 :
• model 5: w 0 ∈ −3, 1 , α ∈ 1, 2 and with Ω m,0 ∈ 0.25, 0.31 :
Here we used posterior probabilities obtained in analysis with CMB data as a prior probabilities. Results were again presented in described above tables and figures (green line correspond to the values of posterior obtained in this analysis). The conclusion is different for the set of all models in the case with Ω m,0 ∈ 0, 1 : the DGP model becomes the best one from them.
Finally we used the observational H(z) data (N = 9) from (Simon et al. 2005 ) (see also (Samushia & Ratra 2006; Wei & Zhang 2007 ) and references therein). Here the likelihood function has the following form
where H(z) is the Hubble function, H i , z i are observational data. The values of the evidence were obtained by numerical integration. As above we assumed flat prior probabilities for models parameters. Ranges for them which changed after analogous to previous analysis are as follows: for case with Ω m,0 ∈ 0, 1 and H 0 ∈ 60, 80 :
• model 5: w 0 ∈ −3, 1 , α ∈ 0, 2
• model 8: Ω int,0 ∈ −1, 0 , n ∈ −10, 0 and for case with Ω m,0 ∈ 0.25, 0.31 and H 0 ∈ 60, 80 :
• model 4: w 0 ∈ −1, 0 , w 1 ∈ −2, 0
Values of posterior probabilities obtained in analysis with BAO data were treated as prior probabilities it this analysis. Results are presented in tables and figures (orange lines correspond to values of posterior probabilities obtained in analysis).
As one can see in the case with Ω m,0 ∈ 0.25, 0.31 the ΛCDM model is the best one from the set of models with dark energy as well as the best one from all models considered in this paper. The conclusion changed in the set of the models with modified gravity: after the analysis with observational H(z) data the DGP model becomes the best one. In the case with Ω m,0 ∈ 0, 1 the ΛCDM is still the best model from the set of models with dark energy while the DGP model is the best one from the set of models with the modified theory of gravity as well as the best one from all models considered.
Conclusions
In this paper we gathered ten models of the accelerating Universe. The five of them explain the accelerated phase of the Universe in the term of dark energy while the other five explain this phenomenon by the modification of the theory of gravity. We used the Bayesian model comparison method to select the best one in the set of models with dark energy, in the set of models with modified theory of gravity as well as the best one of all of them. The selection based on the SNIa, CMB, BAO and observational H(z) data -we treat posterior probabilities obtained in one analysis as a prior probabilities in the next one: information coming from the previous analysis allow us to favor one model over another. We used approximation proposed by Schwarz to the minus twice logarithm of evidence in the case with SNIa data, and numerical integration of the likelihood function within allowed parameter space (we assumed flat prior probabilities for model parameters) in the other cases. We consider separately cases with Ω m,0 ∈ 0, 1 and with Ω m,0 ∈ 0.25, 0.31 . We made a stricter analysis for models with parameters which intervals width exceed one: we evaluated the evidence for these models for different parameters intervals with minimally width equal one, which do not exceed intervals assumed in the analysis with SNIa data and finally chose the best one from them (with the greatest evidence) to the next analysis.
We can conclude that: for the case with Ω m,0 ∈ 0.25, 0.31 • the ΛCDM model is the best one from the set of models with dark energy as well as the best one from the set of all models considered in this paper • the DGP model is the best one from the set with models with modified theory of gravity for the case with Ω m,0 ∈ 0, 1
• the ΛCDM model is the best one from the set of models with dark energy • the DGP model is the best one from the set of models with modified theory of gravity as well as the best one from the all models considered in this paper 
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